resistance and amenability to high-density culture, related to their air-breathing habits [10] . This species is very much popular in Bangladesh for several reasons. Firstly, they are important part of the diet for children and lactating mothers and also prescribed as diet for the convalescent of the patients. Furthermore the species can be kept alive for long time by storing in a water container without giving any food as the species bear special accessory respiratory organ. This fish is highly regarded for food due to its high protein (15.0%), low fat (1.0%) and high iron content (710mg/100g tissue) [11] .
Nutritionally well-balanced feeds are needed for intensive C. batrachus culture. Thus, knowledge on the specific requirements of C. batrachus is essential for the formulation of a well-balanced supplemental feed for successful intensive culture. Therefore, the aim of this study was to compare the relative protein digestibility coefficients of animal and plant protein feedstuffs and compound diets determined by an in vitro method.
MATERIALS AND METHODS

Profile of the Study Area
The Experiment was conducted at the Fish Nutrition Lab. and Wet Lab of Fisheries and Marine Resource Technology (FMRT) Discipline of Khulna University.
Proximate Analysis of Different Feed Ingredients
Five different types of feed ingredients viz. meat and bone meal, soybean meal, fish meal, mustard oilcake and rice polishing were collected from the local market and subjected for protein analysis and moisture determination (Table 1 ). All the ingredients were homogenized separately by grinding. The protein level of each ingredient was determined according to the AOAC methods [12] .
Table1. Proximate composition of different feed ingredients
Feed ingredients
Proximate composition (% in DMB) 
Preparation of Enzyme Extract
Live specimens of C. batrachus (average body weight 22 g) were collected and reared on formulated fish feed (35% protein) in the aquaria for three weeks until they were subjected for enzyme extraction. After rearing in the aquaria, the fishes were sacrificed by dissection to collect the guts. The guts of the species were pooled together, kept at chilled condition (≤4°C) and weighted using electronic balance (Electric balance, model, D001, Japan) and homogenized in a Potter Thomas tissue grinder with a Teflon pestle at cool temperature (≤4°C) by keeping the tissue grinder into ice and diluted with cool distilled water (4°C) at a ratio of 1:10 ( W / V ). The homogenate were poured into 1.5ml microfuge tubes (previously marked and kept into ice) and immediately centrifuge at 12000RPM for 15 minutes at 4°C in a refrigerated centrifuge (Micro High Speed Centrifuge, VS-15000FN II). The upper lipid layer of the supernatant, after centrifuging, was discarded. The aqueous supernatant was collected in previously cooled glass bottle, frozen and stored at -20 ○ C until used. All the procedures was conducted at cool temperature (≤4°C) [13] .
Determination of in Vitro Protein Digestibility using Fish Enzyme
Between the two methods pH drop method using Lazo single enzyme assay and pH drop method using prawn's crude enzyme extract assay, here the first was done. At first the feed ingredients were finely ground for sample preparation. The ingredients were soaked with water for overnight at 4 respective material's proximate analysis (Table1) was mixed with 30ml of distilled water and 3ml of gut enzyme to produce suspension of 8mg crude protein per milliliter. The mixture was kept at pH 8 with the addition of dilute sodium hydroxide (NaOH) or hydrochloric acid (HCl) .The pH was recorded at every minute interval for 10 minutes by pH meter (pH meter, Sension3, HACH). Casein was chosen as the reference protein. The protein digestibility (PD) was calculated as the percentage of magnitude of pH drop (-∆pH) of the ratio of ingredient and casein [9] . The RPD of different feed ingredients was calculated by the following equation--∆pH of ingredients -∆pH of casein
Statistical Analyses
Spread sheet analysis of data was done using Microsoft Excel. One way single factor analysis of variance (ANOVA) followed by Duncan's Multiple Range Test was done using SPSS 16.0 [14] .
RESULTS AND DISCUSSIONS
The in vitro protein digestibility assays of different feed ingredients were conducted by using the pH drop method and the results were obtained by changing of pH of casein and feed ingredients.
pH Change of Casein and Different Feed Ingredients
The initial pH of casein or other different feed ingredients solutions were around 8.00. All the ingredients and casein solutions were hydrolyzed by the crude enzyme extract of C. batrachus for 10 minutes at room temperature. The final pH of casein solution after incubation was around 7.41 and the changes of pH of fish meal, soybean meal, meat and bone meal, mustard oil cake and rice polishing in C. batrachus were around 7.48, 7.61, 7.43, 7.59, and 7.79 respectively (Fig 1) .
Fig1. pH changes of casein and different feed ingredients
Relative Protein Digestibility
In this study the relative protein digestibility of meat and bone meal shows the highest rate as 94.92 ± 0.00% (Fig. 2) and followed by fish meal (86.44 ± 1.69%) and then soybean meal (74.01 ± 2.59%), mustard oil cake (69.49 ± 0.00%) and rice polishing (33.90 ± 0.00%). Though the protein digestibility of meat & bone meal (94.92 ± 0.00%) is significantly higher (P<0.05) than fish meal (86.44 ± 1.69%) but protein percentage is higher in fish meal (53.35 ± 0.29%) and followed by meat & bone meal (48.91 ± 0.07%) (Table1). The reason may be the enzymes of the fish body that take part in protein digestion. The digestibility of any protein depends on the ability of the fish to utilize ingested nutrients. For this, in spite of having highest protein percentage of fish meal, its digestibility is less than that of meat & bone meal.
Again in vitro RPD of the meat and bone meal (94.92 ± 0.00%) is significantly (P<0.05) higher than the other ingredients which is supported by the authors [15] as the relative protein digestibility of meat and bone meal for Nilotica (Oreochromis niloticus) is about 95.12±0.065%. The higher RPD of fish meal and soybean meal using C. batrachus enzyme extract in this study is supported by the statement of the authors [16] Relative protein digestibility of mustard oil cake (69.49 ± 0.00%) is comparatively lower than meat & bone meal, fish meal and soybean meal. It is supported by the researchers [15] who reported that the relative protein digestibility of mustard oil cake for Nilotica (Oreochromis niloticus) is about 67.95 ± 0.105%.The result can be justified with the statement of New (1987) who stated that dried mustard oil cake is often poorly produced and the protein may be damaged and the leucine or isoleucine ratio may be unbalanced which reduce the protein digestibility of mustard oil cake in C. batrachus.
From the findings of this study it was observed that the M&B, FM and SM carried the higher digestibility and there is a significant difference among the digestibility of different feed ingredients.
CONCLUSION
Clarias batrachus was able to digest protein of the animal ingredients (meat & bone meal, fish meal) more efficiently than plant ingredients (soybean meal, mustard oil cake & rice police). The in vitro protein digestibility data would be useful in providing a suitable and reliable estimation of protein nutritional quality in different fish feed. The ingredient with high digestibility is more suited for feed formulation for the respective species. In this experiment the fish meal, meat & bone meal and soybean meal were found better for feed formulation and could become together the alternative protein source for Clarias batrachus diet preparation.
